aBSTraCT A 2-year-old bearded dragon (Pogona vitticeps), was admitted to the Clinic due to interrupted oviposition. The lizard had laid 1 egg with an insufficiently calcified eggshell 4 days before admission. The lizard was lethargic, without appetite and had been digging the substrate inside the terrarium. During the clinical examination, hard consistency formations were palpable in the coelom. Ultrasound and X-ray findings confirmed the presence of 14 calcified eggs in the coelom cavity. The diagnosis suggested postovulatory dystocia. Therapy included rehydration of the patient and induction of oviposition. Two doses of calcium borogluconate were administrated i/m (35 mg/kg and 50 mg/kg after 30 minutes) and oxytocin (5 IU) was also given intramuscularly. Within the next 20 hours the patient laid 14 calcified eggs. On X-ray follow up 24 hours after therapy, no retained eggs were observed so the animal was released from the Clinic. The owners were advised that the current diet should be supplemented with calcium and phosphorus in the prescribed daily dose, to prevent future dystocia. On the next oviposition the animal successfully laid 38 calcified eggs. This case report describes the clinical presentation and diagnosis of dystocia and a therapeutic protocol for induction of oviposition in a bearded dragon. The described hormonal protocol is important due to the fact that the oxytocin causes induction of the oviposition more than 72 hours from commencing the oviposition which is different from the findings of other authors who reported that its effect only lasts up to 72 hours. 
Introduction
A 2-year-old bearded dragon (Pogona vitticeps), weighing 300 g, in good general condition, was admitted to the Clinic for Obstetrics and Reproduction at the Faculty of Veterinary Medicine in Zagreb due to interrupted oviposition. Four days before admission, the lizard had laid one egg with an insufficiently calcified eggshell in her own terrarium. She had not had any previous ovipositions. Since then, the lizard had been lethargic, had loss of appetite and had been digging holes in the substrate inside the terrarium. The owners did not notice any other changes in her behavior or discharge from the cloaca.
The animal had been kept in adequate conditions. The lizard lives alone in a terrarium 90 cm × 60 cm × 35 cm, at a maintained temperature of 30 °C around a spotlight while under the spotlight the temperature is 42 °C measured by an IR Laser Temp gun infrared digital thermometer. In the coldest part of the terrarium, the temperature is 29 °C and humidity is 50% measured by a digital thermo-hygrometer.
The lightening is suitable for the animal species: 8% UV-B lightening (JBL, T-8, 90 cm) set on 30 cm above the substrate. For heating a JBL Reptile Day, 50 W spotlight is used, with 1% UV-A. The lightening bulbs were 5 months old and the owner replaces them every 8 months. The terrarium is filled with substrate (100% Lolo terra natura terrarium sand) and the cave in the terrarium is filled with sufficient substrate (sand) where the thickness is always around 20 cm.
The daily diet is based on the insects (grasshoppers Locusta migratoria, cockroaches Blaptica dubia and Blatta lateralis, crickets Gryllus campestris, superworms Zoophobas morio), vegetables (carrot, zucchini and radicchio), fruit (apples and pears) and occasionally insectivore gel premix ("grub pie", Repashy superfoods).
While collecting anamnestic data it was determined that the owners did not add calcium and phosphorus supplement to the diet, which stood out as a possible cause of the unsuccessful oviposition.
A clinical exam was performed. The animal was mildly dehydrated as seen from the skin test (the skin stayed in tented position for 1 sec, but animal did not have sunken eyes or wrinkled skin). On the ventral side of the distended coelom hard consistency formations were palpable, which coincided with retained eggs in the reproductive tract. The lizard did not show signs of pain during palpation. The patient was tachypneic.
Blood chemistry and complete blood count were unremarkable. X-ray and ultrasound diagnostics were performed immediately after the clinical exam. On the dorso-ventral radiograph projection of the caudal region of the coelom cavity, 14 well-defined calcified eggs were visible (Fig. 1) . Ultrasound findings of the coelom cavity confirmed the presence of calcified eggs. There was no presence of free fluid in the coelom, and no egg-shell fragments in the reproductive tract and the eggs were well calcified. The diagnosis was suggested of non-obstructive postovulatory dystocia. After the X-ray and ultrasound diagnostic procedures, the therapeutic protocol included rehydration, stabilization of the patient and induction of ovipiosition of the retained eggs.
The patient was hospitalized and first rehydrated with a warm depot injection (s/c) of isotonic solution ringer lactate (R-L, Fresenius kabi, Germany) + 5% glucose (Fresenius kabi, Germany) at 2% body weight. Calcium borogluconate (Calcii borogluconas 40%, Genera, Croatia) at a dose of 35 mg/kg was administered i/m. After 30 minutes, a second dose of Ca-borogluconate (50 mg/kg i/m) was administered and 5 IU/kg of oxytocin (Genera, Croatia) was given i/m. The animal was put in the terrarium measuring 60 cm × 50 cm × 30 cm, with a deep substrate layer (Lolo terra natura bedding vermiculite), at an adequate temperature (30 °C) and 55% humidity to proceed with oviposition. Lightening in terrarium was UVB 10% (exo terra, T-8, 60 cm, set 30 cm high from substrate) and the heating spotlight was a Daytime heat lamp (Zoomed, 40 W). Every two hours the bearded dragon was placed in a warm bath for 2-3 minutes to stimulate oviduct contractions. Within the next 20 hours the patient was monitored, and laid 14 calcified eggs (Fig. 2) .
Since after 20 hours the animal calmed down, stopped digging the substrate in the terrarium, and her appetite was reestablished, a control X-ray was performed 24 hours after therapy. No presence of retained eggs or free fluid in the coelom cavity were observed (Fig. 3) , therefore the lizard was discharged from the Clinic.
The owners were advised that the current diet should be supplemented with calcium in the prescribed daily dose, to prevent future dystocia. The next oviposition was after 13 months where the animal successfully laid 38 well-formed calcified eggs. The eggs unfortunately were not fertilized since the bearded dragon lives without the presence of a male.
Discussion
Preovulatory stasis and postovulatory egg retention have been reported previously in bearded dragons (MELIDONE et al., 2008; WRIGHT et al., 2008) . Postovulatory egg retention, also known as egg binding (dystocia) is one of the most common reproductive disorders of captive female lizards (EFENDIć et al., 2017) . Causes of dystocia may be of obstructive or non-obstructive etiology, resulting in difficulties or complete inability to lay eggs (oviposition). A large number of eggs or insufficient calcification of the egg shell and metabolic bone disease are the most common causes of egg retention in reptiles (INNIS and BOyER, 2002; McARTHUR, 2004b; JOHN and SykES, 2010) . Also, inappropriate husbandry and inadequate nutrition may lead to reproductive disorders (RENDELE and CRACkNELL, 2012; EFENDIć et al., 2017) .
Other authors (MELIDONE et al., 2008; WRIGHT et al., 2008) have reported clinical signs such as depression, lethargy, anorexia, dyspnea, constipation and lack of perception and proprioception in cases of dystocia.
Ultrasonography and X-ray diagnostics are the first non-invasive choice of diagnostic procedure, therefore in our case we proceeded with them after the clinical exam.
As GUMPERBERGER (2017) reported, a follow-up radiograph helps to ensure that no shell fragments have remained in the salpinx. Radiographic findings in lizards with dystocia indicate the specific egg-shell formation (well-rounded) and the loss of egg contents. The same author mentioned that X-ray is also helpful in detecting secondary causes of dystocia, such as pelvic fracture or constipation.
M. Efendić et al.: Induction of the oviposition in bearded dragon with postovulatory egg retention
During the X-ray diagnostics we are able to estimate the number and position of retained eggs and the stage of egg shell calcification (EFENDIć et al., 2017) .
Using ultrasonography, a distinction between preovulatory stasis and dystocia, can be made based on an estimation of egg shell calcification (STAHL, 2006) . SILVERMAN (2006) recommends a linear ultrasound probe (7-15 MHz) and BUCy et al. (2015) microconvex ultrasound probes (5-8 MHz) to be used on Pogona vitticeps.
With X-ray and ultrasound, it is possible to observe the presence of free fluid in the coelom cavity. Therefore, we performed X-ray and ultrasound in our patient to make a definite diagnosis of dystocia.
Many authors (McARTHUR, 2001; JOHN and SykES, 2010; CARPENTER, 2013; RIVERA and FLEMING, 2013; EFENDIć et al., 2017) suggested that blood parameters should be determined in order to assess the clinical status of the patient, and in our case, due to the unremarkable results of hematology and biochemistry, the patient was found to be in a good clinical condition.
With this patient, there were only two therapeutic options for non-obstructive dystocia: hormonally inducing the oviposition or a surgical procedure. Before these options, first the patient should be stabilized and rehydrated, and then we need to estimate the clinical status of the patient. For rehydration of lizards, MELIDONE et al. (2008) suggested ringer-lactate in the form of a depot injection (s/c) (15-30 mL/kg) into which 5% dextrose is diluted in a dosage of 3.3 mL/kg. Hypertonic solutions such as 5% dextrose (252 mOsm/L) with a pH of 4.3 can be used in reptiles. They can tolerate severe dehydration and extensive plasma osmolality (e.g. 250-400 mOsm/L) as well as electrolyte concentrations (GIBBONS, 2009) . If 5% dextrose is not available on the market, other fluid types, such as 5% glucose (Glucosum monohydricum, 277 mOsm/L), can be used (EFENDIć et al., 2017) .
In our case, after rehydration, the patient was stabilized, so we could proceed with the hormonal protocol of induction of oviposition to avoid a surgical procedure. If the animal had had obstructive dystocia, surgery would have been the only choice to save the animal's life.
The aim of the hormonal protocol is to stimulate contraction of the fallopian tube by application of Calcium gluconate and the hormone oxytocin. As said before, some authors (GREEk, 2010; RIVERA and FLEMING, 2013) recommended that calcium is applied before the oxytocin, therefore our therapy protocol started with calcium borogluconate and continued with a single dose of oxytocin. RIVERA and FLEMING (2013) reported a dose of calcium gluconate of 100 mg/kg, while others (INNIS and BOyER, 2002; McARTHUR, 2004a; JOHN and SykES, 2010) reported a dose of 50-100 mg/kg. The dosage of calcium gluconate has to be estimated according to the degree of calcification of the egg shell (JOHNSON, 2006) . If the calcium dose is repeated during the therapeutic protocol, a total dosage of 100 mg/kg should not be exceeded (EFENDIć et al., 2017) .
The range for single dose application of the oxytocin in lizards is from 3 IU/kg to 30 IU/kg (INNIS and BOyER, 2002; McARTHUR, 2004c; JOHNSON, 2006; FELDMAN, 2007; TUCkER et al., 2007; GREEk, 2010; JOHN and SykES, 2010) , so the average dose is 3-15 IU/kg (EFENDIć et al. 2017) , and should be determined according to the patient's clinical status and diagnostic findings. PERRy (2014) pointed out that, in the case of non-obstructive dystocia in lizards, oxytocin is only effective when given in the first 72h from the time the symptoms of oviposition occur.
The recommendation is that calcium is applied approximately one hour before the oxytocin (GREEk, 2010; RIVERA and FLEMING, 2013) . Several authors (McARTHUR, 2004a; DENARDO, 2006; JOHN and SykES, 2010; PERRy, 2014) pointed out that oxytocin can be administered two or three times every 20-60 min. After the third oxytocin application, if there is no progression, hormonal therapy must be stopped and surgery should be performed under general anesthesia.
With the above mentioned protocol, in some cases the authors (GREEk, 2010; EFENDIć et al., 2017) suggested giving the lizard a warm bath to stimulate oviduct contractions, as we did in our case. Within 24 h after the last dose of oxytocin, control X-ray should be performed to determine if the therapeutic protocol has been successful.
Conclusions
A detailed anamnesis, proper diagnostic imaging, and estimation of the clinical status of the patient are important to make the correct diagnosis of dystocia in bearded dragons and to choose the appropriate therapeutic protocol.
If the owners do not want to use the animal for further reproduction, the best choice is surgical therapy (ovariosalpingectomy). Adequate microclimatic conditions as well as good quality and appropriate nutrition of bearded dragons should be achieved, in order to prevent reproductive disorders.
Our patient was induced using the above mentioned ranges of calcium borogluconate and oxytocin, 85-90 hours after the first symptoms of oviposition occurred, which told us that the effect of oxytocin stimulation of oviposition lasts more than 72 hours. Since our patient went through successful oviposition 20 hours after therapy, we may conclude that the described hormonal protocol is an appropriate choice for therapy for non-obstructive dystocia in bearded dragons with good clinical status.
